PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2003-077529 
(43)Date of publication of application : 14.03.2003 



(51)Int.CL H01M 10/36 

H01M 4/02 
H01M 4/04 
H01M 4/38 
H01M 4/62 
H01M 6/18 



(21) Application number : 2001-265244 (71 Applicant : SANYO ELECTRIC CO LTD 

(22) Date of filing : 03.09.2001 (72)Inventor : TARUI HISAKI 

YONEZU IKURO 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium battery 
and a lithium secondary battery each using silicon or an 
alloy mainly containing silicon for a negative electrode 
active material and an ion conductive solid electrolyte as 
an electrolyte, each having sufficient charge/discharge 
capacity and charge/discharge cycle property. 
SOLUTION: Each of the lithium battery and the lithium 
secondary battery comprises a positive electrode, a 
negative electrode and the ion conductive solid 
electrolyte. Silicon or the allow mainly containing silicon 
is used for the negative electrode active materials 2, 14 
and a first mixture layer 16 is formed of the active 
material containing a component contained in the solid 
electrolyte, on an interface where the negative electrode 
active material and the solid electrolyte contact each 
other. 
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y ^£ Afarfi&tfy A-#faftUc:fctt£±f2<o<fc 
n 'J 3 t-3^ft£ffl^fciMSOSt5) 

«tttf(STTSO*l»±L, +#ft2Ett«-*M*;l/»tt 
[0 0 1 1] 
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[0 0 14] ft*5. jPlfB^Ua^ ^zsftytftffi 

las^rttghnm&icttfcTz a 8 0 c m-'ifi©e- 

*#*ffi*ftS-2K «ft««^»lB-rS 5 2 0 cm-' 

*fc»*s-r* 5 2 0 c m-'ififlsotr-**:, mmM 
»c»js-rs 4 8oc m^ifitt©*— *fc©w*#*Jtw 
fcttw«n*fc©-e»tK fluency 3 y(4»a««fc 
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[0 0 18] fti«0iSai^l/^i/U3^± 
f*£T££*ft£LTfci\ 5/y3>*fcHW»aoiHa 
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m (Cu£f»<« ) > llbft©'>ft< £*> 18I<07C^ 

AV^i, (S c) . (T i) . /W^«7A 

(V) , ^DA (C r) , (Mn) , & (F 

e) , (C o) , (N i ) x SIS (Z 

n) , ^7h'J^ (Y) , SMon^A (Zr),i 
*7 (Nb) , ty^fV (Mo) , -r**?">A (T 
c) % ;l/-r-^A (Ru) , Dv^A (Rh) , /^> - 
■7A (Pd) , S (Ag) , *K5*/* (Cd) , /V7 
- (Hf) , (Ta) , ^y^xfv 
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Ktfy^>>^MtticfliD. »»c, Jis&ojg^aici' 
y 3 >x«'> y 3 y«±*i:t5^fflv^ 
w»h k l r ^ * y wara-oa ftfBjgs^/a t^fc y *■ 



[0 0 0 2] 

jg^*i oyf9 A«»&t; y •> a - * n 

[0 0 0 3] CCT% C0£5tty?92»m&.lfy?- 
JArartftfifcfci^Tli, iEffi^ftffiicfflu^nSSa 
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[0 0 3 0] £fc, COMffltfe^T, iEWcJB^ftS 

Wittf, L i C o O2, L i N i O2, LiMn 2 0 
4, L i M n 0 2> L i C O0.5 N i 0.5 O2, L i N i 

0.7 C Ooi 
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?icLfco ft*>\ mmnmsw-ismz r a ico^twu 

M«-it«ffi«ttaiffi» (B*K££ffi*t®< : D e k t a 
k ST) i»SBBB«r2. OmmlcS^LtSl 

[0 0 3 3] fLT, ±EO««?»?S*>6**ftffiafB 
tt<D±tC X'* *y * U V ^ft K £ 0 W&tf £l 4|imtfto 

fclMift > U n > rt* 6 ft L 

[0034] ccx\ mMffifcfrt>te2>&m$kmft<o± 

KfefcoTt*. Sl£S*Off*«r0. 0 1 PaWTteW 
fiLfcft, x^y*;tfX£LT7;U:J:y#X£SSfi2 0 
sec mt^Alx ±f2c0ft#^m^ 1 0 O'tlcfingft 
?Z>tmz, KJiES+<0£E*^0. 05Palcft£J;5 

^>j3y9iAtfflt\ dC8KffjE«IUp62 kWOffcb 

y v^u ±Eo»s*«*o±ic#piiiis/y 
a > 6 * * * «ffi»ite>»ii*JB« u it. 

[0 0 3 5] fits CO«fc5fc«ISSfSfr&ft£ftffi 
-^Y^vaa»«fi£ (S IMS) tcfctJflWt 

y n v*tcaffi*sf*»c*3tts c u ««tt««nrH»« 

*U IP**' 0 . 8/i mgglc ft o fcg 2 L 
T*59, S fee OS 2 iE^H»c*5i/>Ttt, CuOfflgtf 

[0 0 3 6] ^tc, ±IB<Oct:atcLr^gBlgmo±tC 

l recast > y 3 & ft a a affi«iK<o»Mo± 

tC N X/Vy^UV^&tCcfcO L i 2 S — S i S 2 *tcL 
i P Ottf^Ztltcmfrtf 0 . 8/i m<D©{*mfc?H<0 

[0037] ccx\ ±EoiMiH>'y:3:/fr&ft*ft 
ss»«©»ii©±fc±Eoffl(w»«o»«*«a-r 

ZK&TcdX^ J£j£i!*<OEE2j£:0. 0 1 Pa&TtC 
HfiLfcSL X/^y**Xi:LTr;U=fy/fX«rSf[a2 
0 s c c mT'9AL> ±ISOj|@i}|®{*£ 1 0 OttCiP 
&-f££«lc, £i£^*<0EE*jtf 0. 05Pa*cft£cfc 
olCfflmLfCo f LT, *-y-y MCL i2S£S i S 
2tL i PO.tL i C o0 2 ^^5 7 : 3 7 : 6<Ol 

iaitu:4ofe^i»*fflir\ i$mtiLmmfrt>3oowco 
mmwmtizftm2&xmn*mmu zvyu-aim 

lc££;^XvK<fcoTX/Vy*y V^U ±120^® 
i£»H©S»D±lC. L i 2 S-S i Sa^lCL i PO 



[0 0 3 8] ^LT, ccO^tclMBH^ynvfr^ft 
3cf*:/H£MWrtt (S IMS) fcJ:D«J«7E3Roafi 

MWf^c^, ftffig«Ko#pftSs/y3>*t . 

0. 2 jimg&tcftofcgi 1 ffiBTStfSftLTfcEU S 
OfflStf ftffilBBfcft/p o T«^*r «fltt43E«* bT i> 

[0039] ^x\ ±m<ox ? izmmmmfr 
mmmtt<D±\c^ 3MM$/y:a:/a>£ftsfiffis««© 

L i 2 S — S i Si*lCL i PO^^ffStt 

1 7 mmlcft£ J: -5 fcJT^ffi^T JBl^S «fc 3 IC bfc 0 
[0 0 4 0]-S, lEffitCfcl^Tte* LiiC0>£C 
oCOj^, L i : CoOlfttAM : 1 £ft££5 

^UXUraffiSJBLfcft, ^m^^^3V^T8 0 0tt2 
4B$IH8&J«U L i C o 02<Dmf£{**mrco % LTx 
COL i CoOaO«W**?L»"e»»L. 

2 0 /imtCft-p/cL i C o Ozlftttmco 

[0 0 4 1] % LT> ±ISOL i CoO^8 0l 
mas, »fB»JfcLT07-fe^U>:75y**:l Oil 
85, iSgSiJi:LT<0^y-r h77MPXfU^l 0 

te^U-y httfcftofciEOT*ft«Lfco 
[0 0 4 2] COct^tC^U^y hWcftofciE 

IpJtmcLT, X/^y^yv^CcfcyL i 2 S-S i s 
2*J:L i P04^M?n/:f^0. 5fim« 

[0043] #v~?-mmmti,x, #yxfu 

[0 0 4 4] fits ^ 1 tc^-T efc^^, ±IB<0J;5lc 

gum i o±»c*aKs/y 3>^6ft«ftffis»K 

c0S?®l2i:L i 2 S-S i S2*tCL i PO^m? 

®T% cne^:IEffiffi8 a i:©.8ite8 b^T-JBfig^n^ 
Wffl^r-X8F*3JCIRS«^ iEffi»B(t 4 *Effifi5 8 a 
tcS8S^-d:i>-^, ^gaffiffl^ l %me§ffi8 btcS^^ 
COiESffi8 a^&8Bte8 b 9 IC 

•fcoTffl9i«jci6a?^T, 3^>^cftofcy^^^ 

[00 4 5] (Hfi8flJ2) COJIMflMJCfeV^TW;, ±E 
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[oo4 6] ccr\ mmmmfr*>tez>n®mw#<o± 
icmea y n v*n & 4 a &ffig««<owK*jej«'r a 

ic&fcoTli, a£g*<Dff;fr£:0. 0 1 PaJCTFldH 
IL/cl, Tkfft (H 2 ) #X£r«tiS 1 0 0 s c c mT'i 

->yLfco (S i HO iS 

**ffim i o s c c mvmx-?z> tmc, y y # x 

cD7j<fg (H 2 ) #X*«t§2 0 0 s c c mt'iAL. ± 

G0A&JMttt*i 2 o^tc^-ra^c, ebs* 
<DB£M*l OP alc4££?H:iflfiU XHtt«9Ur& 
5 5 0WOM»«A«ffffl«*, ^©yn-ftfBcJ: 

[0 0 4 7] 4*5, C©£5fcLT«»»fSfre>45ft 

wi«(*o±twaii^y 3>3b^4aftSjsamow 
K*jg«Lfcfs, *o#ra*aasM?*i^T?*»r 

s^tttc, r»>r*yfUI»«ftt (s IMS) icJ;D#f 
->y3v*^ffiiR«f*tcfettac u^affit^rtiTHJS 

$tl> mfrtfO. 8 ^m^atc4ofcm2ig^ilJb^ffi 

*^Jl^y3^64**«ffi»«o>M«h:rti^o 

[0 0 4 8] *fc, CO«*SS^y3V^64aftffiS 

ftSflHSHOJ^fl^ysv^^HWaJBH^ 
K4ofc3ll®^jStf#£LT:fcO. S/ccKO^li^ 

[0 0 4 9] (tUSn 1 ) COltRWfcfc^Ttt, H8& 
^mf*^LT. EEJE^-^TJi*^ 1 8/im, SlOlffi 

co^v#;Vfg^64aftffiJBflit*0*ffi»c, ±!2<o^ 

asffoioa^twiwcLT, 3pflK->ynv*^4«a 



[0 0 5 0] CCT% V*'l>Sfr64£& 
8&IJ|tI{*<E>±tc^ JIH > y 3 yfr 6 4 * &e§Sft)®<0?$ 

SSTHS-rafcftfc, -*^3i*>Hfi»«ffi OS IM 

s) tcj:osi«s*oas»fli^ia^fci:c5, ass 
mznrisb'fs S2ig^ja^jBfi2^nTv^4*^/'co 

[0 0 5 1] ±E©£5teLTff»LfcSa(&ffl 
1. 2<Q#y^A-#mffi*\ 2 5 ^cDfifi&frlCfc 
l^T. 1 0 0 A(0tffiT'tI§i^2 0 0 0mA h/ 

gfcftssTJciu srctt«g9i<oy^*i*-*fflJs 

tC*5l,>Tte, tlgf ^ 2000mAh/g^ T*?ti^ 
*l4frofc;fc«>. 4. 2V£T*3fc«U 100 
M A <0*}»TaiB»±«flE^ 2. 7 5 V tc 4 £ $ T*ft® 
U cm 1 W^^fc LT 1 0W^;^Jc»K« 
9iBLTfTl/\ ^y A-^H&tc *5tt£ 1 V-ftJV 
gcoSHQ i tc*f-f£ 1 0^^;H^§IQ 1 OOS 
Blt«r* (%) *TE<DiWc *<DtSSI*TE 

COS 1 ICTFl/fco 
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SS2£lf^ (%) = (Q10/Q1) x 1 0 0 
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ffl^TX/^y*y V^SlcJ;^ Wfrttmz /xmtc&o 

/Co 

[0 0 6 0] £CT\ @<*®»aco»KO±fc^ B B H Si/ 

tt, Bfi«+OflE**0. 0 1 P atTFKIMLfcfc, 
X/Vy*#*£LT7;V:JV#X£:8SK2 0 sccmt' 

+<DJBE;tt#0. 0 5 P atcfcS^dlcIBlgLfcp *L 
EXBfr& 2 k Wcoa^^^^HtTSEESW^Slfi 
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MM > U a > 6 « ft ® ?S«Mo WH * ©fig L fc 
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